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03. ^ tor — "^^Tsair^sioo casse„e in gen. 

B'i^S'™'*^''^'''^^ 1» oa=n l,«„ suggested as . s«i«ble gene^eUvery 
v«»or for d.e nervous sy.«m "J^^^"^ ^ ^ suggesBd « 

. „ „^ viruses have been shown efflcienUy to deliver 
However, whU. disabled ^^^^ ^ ^ehpUon of heterologous 
genes to the nervous system and to ^.e short tenn (< 1 

,0 gencsexpressedfi^mtheherp^genomet^^y 

25 transcribed. he develooed which remain active during 

"'•--"n^^vr^tr^reahsedasath^apeutieben^ 
the m potent^l of ' ^.^y of such promotm 

„„uld continue during «ral latMcy. A ^ ^ i... ™mons or sub- 

„ould be that they only ^ "^^^^ Renting the inappropriate «^resaion 

of a potentially therapeutic gene 

^,would.husbeeon.i„edtothetarg««.U«bc^ ^^^^ 

Herpes sitnplex vimses, eausmg '=°'*;^^^^™^,sldn or mucosal 

i^^tbe axons. tenninaU "'^-f "=;^t:tr:^H-»o.y 
„ surfi.ce,fo.lowiBgwhich.heym.gra«»to»^ The (a«ors influencing the decision 

„owever...ecaseofa.sab.ed 
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T L lo JLits of the genome is tn^cribed producing U.e latency 
TZ^tT^SjI^Tdlrib.^ for HSV, although HSV2 i. sin^lar. The 
r^fc'^tMlh are co-Unear. a large appro— S Ulohase *h) 
If verv lo« abundance .ranschb«i ftom a TATA-con.a.n.ng promoter (see 
rr IlZZ 1»6- here «rmed LAT PI), and smaller highly abundant 
coffin and ^-"^^^^ , 5 ^ ^ „ be nested stable tatrons 

transcnpts of approxmtately kb and 1 ^ 

«,e °' Here termed LAT P2) has been idenUSed 

promoter aonvtty (see ^^'-f-"^'^ „ that it might be 

between LAT PI and the start of the 2 kb LAi sugges b 
exoressed as a separate transcript under some circmnstances. 

^ te use of LAT p^moter regions for driving the long-term expre^ton of 
heterologous genes inserted into the viral genome has me. ™th httle success. Use of the 
LlTn ller leads to high expression levels in the short term but transcnpnon ts 
1! a few 4s. h«erti°n beterologous genes a. various postnons 

raptdly shut off aft« ''^^^^ bu, this acUvity is 

Z " «n - La^an. me>. W a construe, inserted outside the 
, iTTrllTn^e glycoprotein C region) consUting of a LAT P2 promoter hnlced .0 a 

but this activity was also very weak (e.g. Coins « al.. 1994). 

'""'T'^Srtlion relates .0 an expression eas^^^ 

Simplex virus' LAT P2 region, a promo»r and a ^^^"^r^ZZ lltn ZZ 
ord« The present mvenSon is based on the surpnsmg ftndmg that the LAT P2 regtoa 
e^coX long-term achvity on an adjacent promoter. Inportantly, the use of the LAT 
;rr"a.^!^acent p^moter to drive expression of a het^logous gene resu ^ m 

» ™t"r long-term expression of the heterologous g«.e, but also m htgh levels of 
JO not only lotig tenn p ^ ^ expresston 

Of ::t:rH -ocated LAT P2 element is flanked by two 

awa, 60m it in opposite orientaUons. such that two heterologous gaa« 
'rbe operably linked to these promoters resulting in dte long tenn express-on of both 



35 genes 



Our hypothesis is that the region of the HSV genome pn=viously ref«^ » ^ *e 
LAT P2 (Coffm and Latchman. 1996) or LAP 2 promoter (Corns « n/.. 1994) does not 
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. activity during latency. Instead, it provides an altered DNA 
itself prov.de promoter ^^^^^^ ^^^.^ p,,,,,ers 

structure in surrounding regions allowing ^ 

Nuclcc acd J* t„ ^,e. tor delivering *etBpeutic 

comprising sa.d expression «^ „, fo, ^,e, «,e nervous 

genes in meUrods of <^ ^^J,^J,, ^,es. or diseases of ^ eye. 

r:;::;:^^™— ---------- ^ 

awigens for vaccine pnrpo<«. ^ „, i„ 

eukaryotic cells, especially ,^,rfvinc the effect of expressing mutant genes in 

f„rU,e functional smdy of genes impUcatedrndrs^^ ^ 

^^ingiy dre pr^— ^-^- ' — 

HSV ,a»ncy-assoe,a|ed — ^^'i^"^, pLo«r is a non-larency-assodafM 
operabiy linked m *«;^"'"^,^trpn>n,„« is a vira, promoter or ntannnalian 
transcript promoter. More preferably J „,amn.alian promoter permitting 

20 expression of the heterologous g ^^^^^^^ ^^^^^^^ 

rror;:i;irn:~ .ep^motermaya.. 

inducible and/or tissue-specifia ^^^^ ^^^^ p^^^^^^l^ 3^ 

The -P--- of the invention may thus be used to 
25 HSYst^r^compr^mg^e^-^^^^ 

deUver a ^^^^^ ^.^^^.^ , variety of appUcations. for example, m 

expression cassettes J ^.^^ 3,,,^ methods or for the study of gene 

gene therapy, as vaccmes, m m vitro or m 

. • . A^A tr. «nhTace anv Rene not found in the 
The term heterologous -:^,':,^:^ya»ild-.ype gene, or it 

HSV genome. ^'^'^^Z^Z Preferably encodes a polypepUde of 
2:::::^'^^^^^-'^-^^^'" oapahleofconvertinga 

^.^^^Z'TZ:^' appBcations may .el, re<,„^ ^ 
Gene ° ^ „f „^Uple genes may be advantageous 

rrr: "artror'ndils . ..g. usmg mmtiple nenrottophic factors. 
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• . oc it does not have the limited packaging capabilities of 
oto vm,l vector ^ „ ,^ „a,s in »hich could be 

actacvcd. I''" '^7' i""" Each expiesrion c^e may compnse one 

a second promoter and a ,„ a,, f,« prontote, and firs, 

r "r°;T Lirprr.: sa^e as or » 

heterologous gene. The secona p different to the first 

--~;^r^'alr.:«-P™-er.ano„- 
heterologous gene. In a particularly prcici 

U.T promoter andthcsecondpromo^UaL/^Pl^--^^^^^^^^^^^^^^^ 

U, s« 7"'" L^rP2Vpon.a«owmgmelong-^^ 

— :.rrr-r;rsi:eor.Xen.d.en..esam^ 

or more of the second type P .^^^^^^ ^^^^p^^ expression 

references to "the expression cassette shouia laK 
25 cassettes of either type^ .^^ ^^^^^ vectors, 

~::::r^ =rr.«.ve.een«»n.edso,...c,. 

„ exan,..eU,iden»^«--^^ T,e meU.ods of *e 
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^.ur.A fr.T nroducine a viral strain, preferably an 
preferably by homologous recombination. 

^. Expression Cassette - LAT P2 region. promoter(s). heterologous gene(s) 
- of the invention consists essentially of a LAT P2region,-a 

^^oKW linked in that order to said tih\ i-ai ic^v^ 
h«.«..0B0us ^^''^^"^^^ ^ h^^ologou. gene wherein said second 

„ „ppos«e — .„ fte s.n,e a. or different » *e to. promoter 
promoter atd second ""^^ p„^/heterologons gene constructs in 

^ first heteroloBOtts g»e. Th^ » ^ ' ^ expression of 

opposite oHentations fian. a LAT K «^on^^ ^ ^ ^ 

pairs o, ""-'^^ ^J^T^^ ofthe firs, hetetologous gene may re^iate 
" rClHf r .el.ogons gene ,or vice-versa, nnder sni«. 

'^"'tUtr-n expression" is tai^en .o mean expression of aHe^.^^ 

-----•-"::ri:-Trj~:^f:errre 

time of the cell. constructed using routine cloning techniques 

.^rpr^:^.°:trCs:frexamp,e,S^.roo.«.,...Mo,ec„. 

35 Cloning - a laboratory manual; Cold Spring Harbor Press). 
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1. LAl£2jegifin nucleotides 118,866.120,219 

The LAT P2 region is here defined as ncsvi nuo 

(QenBaric HEICO. mm ^.^^ 

including homologous regions of •""•"'"""^^ /. 
^^iLsionofWcrologous genes inme«pressio„c3sse«eof*.smven»n. 

™ er me^ a .^scripdona. promoter noi derived ftom U.e LAT P2 re^n 
„f HSV m term promoter is »ell-k.»wn in the ar. »d encompasses nude. ac,d 
otHSV. ineierm p j™„ mi^oal promoters to promoters mcluding 

. regions ranging m stze ^^'^^^.^,^^,^,^,.^^.^^.1 
"p^^rto opera.,; Un. in t„e reverse orientation a„ 
l^;:L™ «ps«am Of the LAT Pa region such that the LAT P2 regton confers 

'°"'-T^::rtLTrr:m promoters «hich are .mctiona. in m— 
, ,. „iu The oromoter may be derived &om promoter sequences of vral 
prefembiy human. " , ftonr the genome of a 

or eukaryonc genes. For ^ p„f^,y , «U „{ the 

in whrch 77^7 With respect u> eui.aryo.ic promoters, 

„^,an central or P'^''^^^^ /„H,uitous mamter (such as promoters of a- 
„ they may be promoters "«^™;^;^;,^u.„^er (such as promoters of the 
,ctin,Mctin.tubu..n)o.^.--»^.>«-^^^^^ 

'^'"Z "^'.T^^I^. tyrosine hydroxyla^ (TH), L7. or neuron 
are especrally prefe«d (for «ample 

^ecific enolase ^^fj^^™™ receptors. Viral promoters may 
" rt ::t i:netoLey murine leu^Uvinrs long terminal rep^ 

^;^) promoter! the HSVl or HSV2 LAT PI pn.mo«r. the rous sarcoma vrrus 
^LTRpn.moterorthehumancy.omegalovirus(CMV)IEpromoter. 

I^Xbe advantageous for the promotes » be inducible so that the l«eU of 

irlf the heterologous gene can be regulated during the Itfe-hme of the ceB. 
30 expression of the ^o^olog g ^ ^ 

""Tt d TexXrinTXr^nbodimen, where two pmmoters in opposite 
regulated. For '» ' „^ comprise a promoter 

orientations flank 'J^^l^^JZ^^J^ activator taion protein previously 

"^T,V » Oossen « a,, 1995), and driving the heterologous 

35 reported (Oossen p„^„,er v>-ould comprise a 
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^r«sor/VP.6 fusion protein. Thus in Uus example expression of *e fns, heterologous 
gene would depend on the presence or absence of tetracyclme. 

in addUion, an, of these promoters may be modified by .he addttton of further 
regul^ory s«,uences, for example ertuutcer sequences. Chimeric promote,, may also be 
Zi c2Jin, sequence elements from t»o or more different promoters descnbed 
above. 

Hfit CTf^^^ gO ^l^ genes , j 

^TZTwriT acid" includes ribonucleic acid, deoxynbonuclerc acid and 

analogues thereof The term heterologous gene comprises any gene other than one 
, !^i„ the HSV genome. The heterologous gene may be any allehc vartan. o a wld- 
Z^^^. or H may be a mutant gene. Wterm "gene" is intended to cover nucle^d 
ices which axe capable of being a, lea« transcribed. Thus, sequences encodtng 
ST^A and rRNA are included within this definition. The sequences may be m 
^Tanfiser^e orientation with respect to the pn,moter. Antisense constructs can 
, ^13 o inhibit the expression of a gene in a cell according to well-known techmque. 
C!c^ loding ml^A will opUonaUy include some or all of 5' and/or 3' transcnbed 
ruTslated fling sequences „.urally. or otherwise, associated with the „ans^ 
coding sequence. 1. may optionally fiuther include the assoctated tran^np .onal control 
C^ces normally associated with the tran^bed sequetKcs. for example 
,„ tlscriptional stop sig^ls. polyadenyladon sites and downs«am enhancer e emen s. 

The heterologous gene may encode, for example, proteins involved m the 
regulation of ceU division, for example growth factors includtag neurotroptac 
Zors (such as brain-derived neurotrophic fi«or, gUal cell denved neurotrophrc factor. 

NT4 and KTS). cytokines (such as a-. P- or y-interferon. mterieukms 
« incluktg 1^1, bunour necrosis fi«=tor, or insulin-like growth Ctctors I or 11), pn>t«n 
^sucb Is MAP kinase), proteh. phosphatases and cellul. receptors for any of the 
above. The heterologous gene may also encode enzymes involved m ^Uuto m«abohc 
pathways, for example «.zymes involved in amino acid biosynthests or dcgradatton (su* 
as tyiiie hydroxylase), purine or pyrimidine biosynthesis or degradatton. and th 
30 iS^thesis o' degradation of neurotransmitters, such as dopamine or pt^tem tnvolv^ 
in thrregulation of such pathways, for example protein kmases and phosphat^ T^ 
heterologous gene may also encode transcripfion ftctors or protetns — rn to^ 
regulati^ for example members of the Bm3 famUy o, pocket protems of the Rb 6nu^ 
Th as Rb or pl07, membrane proteins (such as rhodopsin), structural pn>tem (such as 

35 dystrophin) or heat Shock proteins such as hsp70. 

Preferably, ate heterologous gen. encodes a polypepude of therapeuttc use, or *e 

fimction of which may be impUc«ed ta a dUease process. For example, of the protems 
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d«crib«i above, .yrosine hydn,xylase and glial «11 d=r,v«i neu^tt^phK Wo. can be 
„s«i in a.e Tealmon. of Parkimorfa disease, rhodopsm can be med m d.e «««nent of eye 
disorders, dysu^phin may be u«d «, «a. muscular dyswphy. and h=a, shock pro»ns 
Tbe uJw treat disorder, of the heart and brain associated wtth ,schaem,c s«ss. 
Polypepudes of therapeutic use may also include cytotoxic polypeptides such as ncn, or 
Jles capable of converting a precursor ptodntg into a cytotoxic compound for use m, 
fZLple, methods of vinrs^irected enzyme prodrug therapy or gene^trected et^e 
prodrug merapy. b the Utter case, it may be desirable to ensure that the en^e has a 
suitabl! signal sequence for directing it to the cell sur&ce, preferably a si^ sequence 
r~,lov,s^he enzyme to be «tposed on the exterior of the ceU surface whrlst ren^g 
anchored to cell membrane. Suitable enzymes mdude bacterial nitroreductase such as £. 
coll mtroreductase as disclosed in WO93/08288 or carboxypepttdase espectally 
caAoxypeptidase CPG2 as disclosed in WO88/07378. Other enzymes may be found by 
referent to EP-A-415731. Suitable prodrugs include nitrogen mustard prodmgs «jd 
^cTn^ls such as those described in WO88/07378. WO89/.0U0, WO90/02729 
and WO93/08288 which are incoiporated herein by reference. 

Heterologous genes may also encode antigenic polypeptides for use as vaccines. 
Preferably such antigenic polypeptides are derived from pathogenic orgamsms. for 
example bacteria or vimses, or from tumours. 

Heterologous genes may also include marker genes (for example encoding 
p-galactosidase or green fluorescent protein) or genes whose products regulate the 
expression of other genes (for example, transcriptional regulatory factors mcludmg the tet 
repressorA^ie transcriptional activator fusion protein descnbed above). 



25 B. Vectors 

The expression cassette may be used in the form of a naked nucleic acid construct. 
Alternatively, it may be introduced into a variety of nucleic acid vectors. Such vectors 
include plasmids and viral vectors, preferably HSV vectors. Vectors may further include 
30 sequences flanking the expression cassette which comprise sequences homologous to 
eukaryotic genomic sequences, preferably mammalian genomic sequences, or v,^ 
genomic sequences. This will allow the introduction of the expression cassette mto the 
genome of eukaryotic cells or viruses by homologous recombination. In particular a 
plasmid vector comprising the expression cassette flanked by viral sequ^ices preferably 
35 HSVl or HSV2 sequences, can be used to prepare a viral vector, preferably an HSV 
vector suitable for delivering the expression cassette to a mammalian cell. This is 
described in fiirther detail below for the herpes simplex vims. However the techmques 
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e™,l„y=d are »dl-toovm u> a skiU«i person and «iU be suitable for oto viruses such as 
ZZr^. Omer examples of suitable viral vectors include viral vec»rs able to 
integrate .heir genomes into the host cell genome, for example retroviruses, mcludtng 
lentiviruses, and adeno-associated virus. 

C. Herpes Simplex Virus Vectors 

1 Vi rgi Strains . 
' He HSV strains of the invention comprising the expression cassette may be 

derived torn, for example, HSVl or HSV2 strains, or " « ^^^'^^ 
HSVl Derivatives include inter-type r««mbm«>ts contammg DNA from HSVl »nd 
HSV2 strains. Derivatives preferably have « least 70% sequence homology to «.her the 
HSVl or HSV2 genomes, more pn^ferably at least 90%, even more preferably 95 /.. 

The use of HSV strains in therapeutic procedures will require the strams to be 
so that they cannot establish a lytic cycle. In particular, if HSV vectot. are to 
gene .her;y in humans the expression cassette ^--l* « b= 
into an ess»dal gene. This is b«».se if a vector virus encounters a '""-W^ 
transfer of a heterologous gene to the wild-type virus could occur by 
However as long as the heterologous is inserted into an essennal gene ttas 
, recombinational transfer would also delete the essential gene in ^^'^^"^ 
prevent 'escape' of the heterologous gene into the replicatton competent wtld-type vtms 

■^"■"Tnenuatcd strains may be used to produce Ute HSV strain of the pr^»t 

invattion, here given as examples only, tacluding strains that have mutatto,^ m etfh« 

„ 5 or ICP^7, fbr example strain 1716 (MaeUan e. al. 1991), strams IU6 6 a„d 

X (Chou ^ Roizman. .992) and R930 (Chou « a,., 1994) all of whtc h»e 

mutations in ICP34.5. and d27.1 (Rice and Knipe. 1990) which has a delefon m ,CP27^ 

Mtematively strains deleted for 1CP4, ICPO. ICP22, ICP6, 1CP47. W» or gH, wtth an 

^activating mutation in VMW65. or with any combination of the above may also be used 

30 to produce HSV strains of the mvcntion. 

The terminology used in describing the various HSV genes,, as found mCotan 

and Latchman, 1996. 

HSV viruses defective in ICP27 are propagated in a cell line expressing ICP27 
for example V27 cells (Rice and Knipe, 1990). 2-2 cells (Smith et al, 1992) or B130/2 
cells (see the Examples), preferably B130/2 cells. 
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11 «nes can be oroduced by co-transfecting mammalian ceUs, 
'""'''TT B^ T^^ a vecL, preferably a plasmid vector, 
for example the ^^^J^^^;'^^^^^ 

^^^^ ^.^g known to 

ability to support the growth of ICPii muum ^ ^ „ ioQft\ 

7 ICP4 oomplcmeattng cell line, will tunher compos, a 

as described for ICP27. 

HSV genes may rendered funcUonally maclive by delenom, 

.n,»,in*eart ^"^^^^^'^'^Lon. Deletions may remove potions of .he 
— — may .clnde .e expression casseUe 

descHbed above. homologo«a recombination meto* 

„ "mr^tlte rP^le, HSV genomic DNA is «an»fec«d 
^U-known to those _ .j^a vector, comprising the mutated sequence 

,g«.er wid. a vecto. ^^^^^^^ ^ comprise deleUons, 

fl„ri.«lbyhomoU,go..HSV s«,ue„ce^ 

c:::irxr»i::ie"rter u - - 

------'-r rl^^'ifir^Hl^r^ ror examp. genes snob as 

'"!1^"^S^"CP47 ^^tgH or J. in the ease of the VMW65 gen.. 
ICPO. .CP4, .CP6. '^F^^'"^^^^^!^^ stmcural protein, but a small 

rn::::nr::r: ^::L7^ ^-^-^ - - '° — * 

35 activate IE genes (Ace et aU 1989). 
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The expression cassette may be inserted into the HSV genome at any location 
provided that the virus can still be propagated, which may require the use of a cell Ime 
carrying another HSV essential gene (as described in 2.) if the heterologous gene ,s 
inserted into an essential gene. For example, if the heterologous gene i^^^^^^ f 
1CP27 gene of the HSV strain, then a cell-line expressing ICP27 would be needed.TTie 
expression cassette is preferably inserted into the region of the ICP27 muUtion as in the 
unlikely event that the mutation is repaired by recombination with a wild-type virus, the 
repair would remove the inserted expressioncassette. 

The expression cassette may be inserted into the HSV genome by homologous 
recombination of HSV strains with, for example, plasmid vectors carrying the expression 
cassette flanked by HSV sequences, as described above for introducing mutations. ^ 
expression cassette may be introduced into a suitable plasmid vector compnsing HSV 
sequences using cloning techniques well-known in the art. 

It is possible to insert more than one expression cassette into the viral genome, 
thus a viral vector may comprise more than one expression cassette of the mvention 

It is also possible to make use of the endogenous LAT P2 region by clomng 
constructs, comprising a promoter operably linked to a heterologous gene, downstream of 
the endogenous LAT P2 region. Another construct may be cloned upstream of the LAT 
P2 region but in the opposite orientation. The resulting virus will thus compnse an 
, expression cassette of the invention but produced by slightly different means to those 
described above. 



Administration 



25 



30 



35 



The expression cassette of the invention may thus be used to deliver therapeutic 
genes to a human or animal in need of treatment In particular, the neurotrophic nature of 
L herpes simplex vims makes the use of attenuated HSV strains compnsing the 
expression cassette of the invention ideally suited for the treatment of, for example, 
Paridnson-s disease, disorders of the nervous system, spinal injury, strokes or 
maUgnancies, for example gliomas. Alternatively, the expression cassette of tiie 
invention may be used to deliver genes encoding potentially immunogenic polypeptides 

for vaccine purposes. . . , a 

The expression cassette of the invention may be administered directly as a naked 
nucleic acid consttuct, preferably fiirther comprising flanking sequences homologous t.o 
the host cell genome. Uptake of naked nucleic acid constructs by mammalian cells is 
enhanced by several known techniques including biolistic transformation and lipofection. 
Alternatively, the expression cassette may be administered as part of a nucleic 
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acid vector, including a plasmid vector or Viral vector, preferably HSV. 

Preferably the deUvery vehicle (i.e. naked nucleic acid construct or viral vector 
comprising the expression cassette for example) is combined with a pharmaceutically 
acceptable carrier or diluent to produce a pharmaceutical composition. Suitable earners 
and diluents include isotonic saline solutions, for example phosphate-buffered salme. 
The composition may be formulated for parenteral, intramuscular, mtravenous, 
intracranial, subcutaneous, intraocular or transdermal administration. 

The pharmaceutical composition is administered in such a way that the expression 
cassette containing the therapeutic gene for gene therapy, can be incorporated into cells at 
an appropriate area. For example, when the target of gene therapy is the central or 
peripheral nervous system and the expression cassette is to be delivered by a herpes- 
simplex virus vector, the composition could be administered in an area where synaptic 
terminals are located so that the virus can be taken up into the terminals and transported 
in a retrograde mamier up the axon into the axonal cell bodies via retrograde axonal 
transport. The pharmaceutical composition is typically administered to the bram by 
stereotaxic inoculation. When the pharmaceutical composition is administered to the eye, 
sub-retinal injection is typically the technique used. 

When the expression cassette is delivered to cells by a viral vector, the amount of 
virus administered is in the range of from 10^ to lO^ pfu, preferably from 10^ to 10« pfu. 
more preferably from 10^ to lO' pfa. When injected, typically 1-10 ^1 of virus m a 
pharmaceutically acceptable suitable carrier or diluent is admimstered. 

When the expression cassette is administered as a naked nucleic acid, the amount 
of nucleic acid administered is typically in the range of from 1 ^g to 10 mg, preferably 
from 100 fig to 1 mg. 

25 Where the heterologous gene is under the control of an inducible promoter, it may 

only be necessary to induce gene expression for the duration of the treatment. Once the 
condition has been treated, the inducer is removed and expression of the heterologous 
gene is stopped. This will clearly have clinical advantages. Such a system may, for 
example, involve administering the antibiotic tetracycline, as described above, to activate 
30 gene expression via its effect on the tet repressorAT>16 fusion protein. 

The use of tissue-specific promoters will be of assistance in the treatment of 
disease using the expression cassette of the invention. For example, several neurological 
disorders are due to aberrant expression of particular gene products in only a small subset 
of cells It will be advantageous to be able express therapeutic genes in only the relevant 
35 affected cell types, especially where such genes are toxic when expressed in other cell 

types. , , . -J 

The routes of administration and dosages described are intended only as a guide 
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since a skilled practitioner will be able to determine readily the optimum route of 
administration and dosage for any particular patient and condition. 

E. Assay Methodologies 

The expression cassettes of the invention can also be used in methods of scientific 
research. Thus, a further aspect of the present invention relates to methods of assaying 
gene fiinction in eukaryotic cells, preferably mammalian cells, either in vitro or in vivo. 
The function of a heterologous could be determined by: 

(a) introducing an expression cassette of the invention comprising said 
heterologous gene into a eukaryotic cell; and 

(b) determining the effect of expression of said heterologous gene in said cell. 

For example, the cell may have a temperattire-sensitive defect in cell division. 
When an expression cassette comprising a heterologous gene according to the invention 
is introduced into the defective cell and the cell grown at the restrictive temperattire, a 
skilled person will easily be able to determine whether the heterologous gene can 
complement the defect m cell division. Similarly, other known techniques can be applied 
to determine if expression of the heterologous gene can correct an observable mutant 

20 phenotype in the cell. 

This procedure can also be used to carry out systematic mutagenesis of a 
heterologous gene to ascertain which regions of the protein encoded by the gene are 
involved in restoring the mutant phenotype. 

This method can also be used in animals, for example mice, carrying so-called 
25 "gene knock-outs". A wild-type heterologous gene can be introduced into the animal 
using an expression cassette of the invention and the effect on the animal detemiined 
using various behavioural, histochemical or biochemical assays known in the art. 
Alternatively, a mutant heterologous gene can be introduced into either a wild-type or 
"gene knock-out" animal to determine if disease-associated pathology is induced. An 
example of this is the use of genes encoding prions to induce Creutzfeld-Jacob and other 
prion-type diseases in the central nervous system of rodents. Other disease models may 
include those for Alzheimer's disease, motor neurone disease or Parkinson's disease. 

Since it is possible to introduce at least two different heterologous genes into a 
cell using one or more expression cassettes, it will also be possible to study the 
35 interaction between two or more gene products. 

Thus, the methods of the present invention may be used in particular for the 
functional study of genes implicated in disease. One advantage of using the method of 
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the invention to study gene function is that the abiUty to control the temporal expression 
of a particular gene means that it may be possible to ascertain at what stage in cell 
development or repair the gene needs to be expressed, if at all. 

The invention will be described with reference to the following Examples which 
are intended to be illustrative only and not limiting. 



EXAMPLES 

10 In Examples 1 to 8, the use of the LAT P2 region to give long-term expression is 

described for the following constructs: 

1. An MMLV LTR promoter driving long term expression of lacZ from the LAT 
region in an ICP34.5 deleted, VMW65 trans-activating activity removed virus (virus 

15 strain 1 764/pR14). Here, an MMLV LTR/LacZ cassette is inserted directly after LAT P2 
in the LAT region. 

2. A CMV promoter driving lacZ expression from the LAT region in an ICP27 
deleted vims (virus strain 17+/D27/pR191acZ). Here a CMV IE promoter lacZ cassette is 
inserted directly after LAT P2 in the LAT region. 

20 3. A LAT P2/CMV promoter driving lacZ from the ICP27 locus, i.e. again with 
ICP27 deleted (virus strain 17+/D27/pR20). Here the LAT P2 region conferring long- 
term activity on a non-LAT promoter is used in isolation from other LAT sequences. 
4. A LAT P2 region flanked downstream by an MMLV LTR promoter/GFP cassette 
and upstream by a LAT PI promoter/lacZ cassette in the opposite orientation (the pR20.9 

25 cassette), and inserted into the UL43 gene of a virus deleted for ICP34.5 and with an 
inactivating mutation in VMW65 (virus strain 1764/pR20.9). 

MflToi'*' '^^'^ Methods 



30 Viruses and cell lines 

All viruses were prepared by standard methods (for example, see Coffin and 
Latchman, 1996; Coffin et ai. 1996) of homologous recombination followed by X-gal 
staining for lacZ activity, plaque purification, and Southern blotting to check correct 
genome structure of recombinant viruses. 

35 

(a) Parent viruses and ICP27-complementing cell lines: 
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An ICP27 deletion mutant not containing a marker gene was first produced by 
homologous recombination to remove the lacZ gene from a previously generated ICP27 
deleted virus in which lacZ had been inserted into the ICP27 locus and selection of white 
plaques after staining with X-gal, all by standard methods. This virus was named 
17+/D27W and is wild-type except with the deletion of nucleotides 113^73-117,854, 
removing the coding sequence for ICP27 (UL54) and genes UL55 and UL56. which are 
non-essential, and which must therefore be grown on an ICP27-expressing cell-lme. 
Nucleotide numbers refer to the HSVl strain 17+ sequence (Genbank no. HEICG). 

ICP27 deleted viruses were generated and stocks prepared by growth on the 
ICP27 complementing BHK cell line B130/2 previously generated by co-transfeetion of 
plasmid pSG130BS (Sekulovich et al, 1988) DNA with neomycin resistance encoding 
plasmid pMamNeo (Invitrogen) into BHK cells and the selection of neomycin resistant 
clones. A clone highly permissive for the growth of an HSVl ICP27 deletion mutant 
(B130/2) was selected for virus growth. pSGlSOBS carries a BammiSacl fragment from 
HSVl (nucleotides 1 13,322-1 15,743) encoding the complete ICP27 coding sequence and 
part of UL55. 



1764 

20 HSV strain 1764 has been previously described (CofFm et al, 1996). It is deleted 

for the gene encoding ICP34.5 (MacLean et al, 1991) and has an inactivating mutation in 
the gene encoding VMW65 (Ace et al, 1989), the virion transactivating protein. ICP34.5 
is non-essential for virus growth in vitro and the VMW65 can be complemented by 
inclusion of hexamethylene-bisacetamide in the media (McFarlane et al, 1992) and so 

25 can be grown on BHK cells. 



T;y«T,plP 1 - ronstnirtion of 1764/nR14 

Virus strain 1764/pR14 was produced by co-transfecUon of punfied 1764 
genomic DNA with plasmid pR14 into BHK cells and selection of blue plaques after 
30 X-gal staining. pR14 was produced by insertion of MMLV LTR/lacZ sequences into 
pNot 3.5. pNot 3.5 contains a 3.5 Kb Notl fragment from the LAT region of HSVl 
(nucleotides 118439-122025) cloned into the Notl site of pGem5 (Promega). The MMLV 
LTR/lacZ insertion was made in two stages: 

35 1: The lacZ gene (//indm-BamHI) from pCHl 10 (Pharmacia) was inserted into 

the //mdin site of pJ4 (containing MMLV LTR promoter/polylinker/SV40 polyA 
sequences; (Morgenstem and Land, 1990)) giving pJ41acZb. 
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2: The MMLV LTR/lacZpolyA from pJ41acZ was inserted into pNot 3.5 at the 
Bbsl site (after LAT P2) by excision from pJ41acZ with Nhel and Pstl, giving pR14. 
Orientation: LAT Pl/LAT P2/LTR/lacZ. 

T^y^p,?'" ^ - rnp.tr..r.tinn of 17+/n?,7/nR191acZ 

Vims strain 17+/D27/pR191acZ was produced by co-transfection of purified 
17+/D27W genomic DNA with plasmid pR191acZ into B130/2 cells and selection of blue 
plaques after X-gal staining. pR191acZ was produced by insertion of a CMV IE 
promoter/lacZ/polyA cassette into the BstXl site of pNot 3.5, i.e. after LAT P2. First the 
lacZ gene (/findffl - BamHT) from pCHllO (Phannacia) was cloned into pcDNA3 
(Invitrogen, containing CMV IE promoter/polylinker/polyA sequences) between the 
Bamm and ^wdffl sites^ the CMV IE promoter/lacZ/polyA cassette was then excised 
with Nrul and Bbsl and inserted into pNot 3.5 at the Bsm site. Orientation: LAT 
Pl/LAT P2/CMV/lacZ/polyA. 



15 



]Hyp^ pl<. . ronstn rtf ^ 7-f-/n27/pR20 

Virus strain 17+/D27/pR20 was produced by co-transfection of purified 
17+/D27W genomic DNA with plasmid pR20 into B130/2 cells and selection of blue 
plaques after X-gal staining. pR20 was constructed by insertion of a LAT P2/CMV IE 

20 promoter/LacZ/poly A cassette (Pstl - Srfi from pR191acZ. The Srfl site is just after the 
BstXl site in pNot 3.5.) into pDMN. pDMN was produced by deleting a NotVXmnl 
fragment from the £coRl B fragment of the HSVl genome cloned into pACYC184 
(NBL), to leave a fragment which includes the gene for ICP27 and flanking sequences 
(HSVl strain 17+ nucleotides 11095-118439). A pair of Mlul fragments encoding the 

25 entire ICP27 coding sequence together with the non-essential genes UL55 and 56 
(nucleotides 113273-116869) were then removed by digestion with Mlul and religation. 
The LAT P2/CMV IE promoter/Lac27poly A cassette was then inserted at the Mlul site. 

^TiTiWT^r ^ - Cnnstnictinn of 1 764/pR2Q.9 

30 Virus strain 1764-pR20.9 was produced by co-transfection of purified 1764 

genomic DNA with plasmid pR20.9/43, resulting in insertion of the pR20.9 cassette into 
the UL43 gene of virus strain 1764. This construct comprises two heterologous genes. 
The first gene, green fluorescent protein (GFP) is under control of the MMLV LTR 
promoter whilst the second gene, lacZ, is under control of the LAT PI promoter. These 

35 flank the LAT P2 region in opposite orientations such that the respective genes (lacZ and 
GFP) are transcribed in opposite directions away from the central LAT P2 region. 



Plasmid pR20.9/43 was constructed by: 
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(i) Insertion of GFP into plasmid pcDNA3 (Invitrogen) by excision of the GFP gene 
from plasmid pEGFP-Nl (Clontech) v/ithAgel and Notl and inserting between the EcoRl 
BTidNotl sites of pcDNA 3, giving plasmid pcDNA3GFP. The start of the GFP gene is 
orientated next to the CMV promoter. 
5 (ii) Insertion of the MMLV promoter from pJ4 {NhehHindDI) into the jBamHI site of 
pcDNA3GFP, giving pcMMLVGFP, orientated such that the Nhel site from pJ4 is next to 
the CMV promoter. 

(iii) insertion of the MMLV/GFP/pA cassette from pcMMLVGFP into pNot3.5 by 
excision with HindSl and Bbsl and msertion between the Bstyi sites of pNot3.5, i.e. after 

10 the LAT P2 sequence, orientated such that the MMLV promoter is next to the LAT P2 
region, giving plasmid p3,5MG. . 

(iv) insertion of the LAT PI promoter (nt 118,179-118,877) from Ddel-Styl between 
the EcoKV and Spel sites of pGemS (Promega) - orientation Styl ligated to EcoRV, Ddel 
ligated to Spel giving pGemSPI. 

15 (v) insertion of lacZ {Hindni-BamHT) from pCHl 10 (Pharmacia) into the Ncol site of 
pGEMSPI - orientation HindUl next to the LAT PI sequence - giving pPl/lacZ. 

(vi) insertion of an oligonucleotide encoding an SrfL site (5' - GCCCGGGCCATG) 
into the Sphl site of pPl/lacZ, giving pPl/lacZSrf. 

(vii) insertion of a LAT P2/MMLV/GFP/pA cassette (Pstl fragment) from p3.5MG 
20 into the Nsil site of pPlAacZSrf, orientated such that the LAT P2 region from p3.5MG is 

- next to the LAT PI region from pPl/lacZSrf, giving plasmid pR20.9. 

(viii) insertion of the pR20.9 cassette into UL43 flanking regions by excision with Srfl 
and insertion into the unique Nsil site of p35, giving pR20.9/43. p35 contains HSVl nts 
91,610-96,751 (BamHI-EcoRI) cloned into pGeml (Promega). 

25 

Example 5 - Inoculation of mice/rats with 1764/pR14/TH 

Peripheral nervous system. 

1764/pR14 was tested by footpad inoculation of mice (1x10^ pfii) followed by 
30 subsequent sacrifice and dissection of lumbar dorsal root ganglia. After fixing and X-gal 
staining by standard methods (Coffin et aL, 1996) blue staining could be seen after 2 
days, 2 weeks, 1 month and 2 months (longest time tested) in lumbar ganglia L4 and L5, 
indicating long-term promoter activity. 
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Central nervous system . . 

After aereolBxic inoculation (5xlO> pfu in 2 .1) » m smanm, (200-220g L~ 
1764/OR14 gave blue saining following fixing and X-gal s.ammg at 2 days, 2 weeks 1 
l^fall 2 months Oonges. ante .est«i,. This again indicated long-tenn promoter 

activity. 

Central nervous system ^ ^ _ /onn tn -J'Jft t. Lewis 

After stereotaxic inoculation (5x10* pfu in 2 jxl) to the rat stnatum (200 to 220 g Lewis 
f Tlt^^oR19 gave strong blue staining after fixing and X-gal staimng at 2 days, 
a^d 2 .ontL (longest time tested). T1.S showed that the CMV IE 
l::^.!2^ placed after LAT P2, like the MMLV LTR could also gwe long term 
activity. 

'^"^ Ar~ic inoculation (5x10* P^ in 2 .1) to the rat striatum (200-220 g 
T • ™ri7+/D27/pR20 also gave strong blue staining after fixing and X-gal staxmng 
atTd:r2 w"l mon^ (longest time tested). Importantly, these indicate ..t 
LAT P2 cl give long term activity ftom a proximal promoter when inserted elsewhere 
in the herpes genome, ie not in the LAT region. 



25 



30 



"'^T^Z by footpad inoculation of n.ce (IxlC pft.) followed ^ 

subsequent sachfi . and dissection of lumbar dorsal root ganglia. After fixing sttong 
orescenc. couldbe seen «.ier fluorescence microscopy (fluo^^rn opn^- 
Ster X-»al staining blue Saining could be seen in die same cells after 2 days. 2 weeks, 
2^rd 2tol (long^t time tested) in lumbar gangUa U and L5 and to ales^ 
^ItinotherDRGs-ms indicated thatbothpromo,«s were acuvemmelong^^^ 
showed that pairs of genes couM be efBcienUy expressed usmg a cassette of the 
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1 An expression cassette comprising a herpes simplex virus latency-associated 
Lcri^P2 rU ap^moter and aheterologous gene operably U^^ 

2. An expression cassette according to claim 1 wherein said promoter is a non-LAT 
promoter. 

3. M cxpr«sion «ss«.e according «> cUun 1 or 2 wherein promoter is a viral 

promoter, . . „ 

4 An expression cassette according to claim 1 or 2 wherein said promoter is a 
lammlT^moter permitting egression of said heterologous gene m a mammaltan 

cell. 

5. An expression cassette according to claim 4 wherein said mammalian promoter is 

a tissue-specific promoter. 

6 An expression cassette according to claim 4 or 5 wherein said mammalian cell is a 
cell of the central or peripheral nervous system of a mammal. 

7 Anexpressioncassetteaccording to claim 4 or 5 wherein said mammalian cell is 
a cell of the eye, heart or skeletal muscle of a mammal. 

8 An expression cassette according to any one of the preceding claims wherein said 
heterologous gene encodes a polypeptide of therapeutic use. 

9. An expression cassette according to claim 8 wherein said gene encodes a 
polypeptide which is cytotoxic. 

,0 An expression cassette according to claim 8 wherein said gene encodes a 
polypeptide capable of com,erting a precursor prodrug into a cytotoxic compound. 

„ An expression cassette according tt, any one of the preceding Cairns wher^ sa,^ 
hLologous gene is selected ftom genes encoding proteins involved m the regulatton of 
c:n^^. enzymes involved in cellular metabolic patt^ays. transcrrpnon factors and 
heat shock proteins. 
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12 An expression cassette according to any one of the preceding claims further 
comprising a second promoter and a second heterologous gene operably linked m that 
order to said HSV LAT P2 region and in the opposite orientation to the first promoter and 
first heterologous gene wherein said second promoter is the same as or different to the 
first promoter and said second heterologous gene is the same as or different to said first 
heterologous gene. 

13 An expression cassette according to claim 12 wherein said second promoter and 
said second heterologous gene are as defined in any one of claims I to 7 and 8 to 11 

respectively. 

14 An expression cassette according to claim 12 or 13 wherein the product of said 
first heterologous gene regulates the expression of said second heterologous gene under 
suitable physiological conditions. 

15. An expression cassette according to any one of the preceding claims for use in 
delivering said heterologous gene or genes to a eukaryotic cell. 

16. An expression cassette according to claim 15 wherein said eukaryotic cell is a cell 
of the central or peripheral nervous system of a mammal. 

17. An expression cassette strain according to claim 15 wherein said eukaryotic cell is 
a cell of the eye, heart or skeletal muscle of a mammal. 

18. A nucleic acid vector comprising an expression cassette as defined in any one of 
the preceding claims. 

19. A vector according to claim 18 fiirther comprising mammalian genomic 
sequences flanking said expression cassette. 

20. A vector according to claim 18 or 19 fiirther comprising HSV genomic sequences 
flanking said repression cassette. 

21 . A viral strain comprising an expression cassette as defined in any one of claims 1 
to 17. 
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22. A viral strain according to claim 21 wherein said viral strain is an HSV strain. 

23. A viral strain according to claim 22 wherein said LAT P2 region is the 
endogenous HSV LAT P2 region. 

24. An expression cassette according to any one of claims 1 to 17, a vector according 
to any one of claims 18 to 20 or a viral strain according to any one of claims 21 to 23 for 
use in a method of treatment of the human or animal body. 

25. An expression cassette according to any one of claims 1 to 17, a vector according 
to any one of claims 18 to 20 or a viral strain according to any one of claims 21 to 23 
claim 22 for use in the treatment of a disorder of; or injury to, the nervous system 
including Parkinson's disease, spinal injury or stroke, or a disease of the eye, heart or 
skeletal muscle, or a malignancy. 

26. Use of an expression cassette according any one of claims 1 to 17, a vector 
according to any one of claims 18 to 20 or a viral strain according to any one of claims 21 
to 23 in the treatment of a disorder of, or injury to, the nervous system including 
Parkinson's disease, spinal injury or stroke, or a disease of the eye, heart or skeletal 
muscle, or a malignancy. 

27. A pharmaceutical composition comprising an expression cassette according to any 
one of claims 1 to 17. a vector according to any one of claims 18 to 20 or a viral strain 
according to any one of claims 21 to 23 together with a pharmaceutically acceptable 
carrier or diluent. 

28. A method for studying the function of one or more heterologous genes in a 
eukaryotic cell which method con^)rises: 

(a) introducing an expression cassette according to any one of claims 1 
to 17, a vector according to any one of claims 18 to 20 or a viral strain 
according to any one of claims 21 to 23 into a eukaryotic cell; 

(b) determining the effect of expression of said heterologous gene or 
genes in said eukaryotic cell. 



29. A method according to claim 28 wherein said heterologous gene or genes 
wild-type or mutant genes implicated in causing disease. 
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30 A method according to claim 28 or 29 wherein said eukaryotic cell is 
dysfimctional. said heterologous gene or genes are wild-type and the effect of expression 
of said heterologous gene or genes is determined by an assay for cellular funcUon. 

31. A method according to claim 28 or 29 wherein said eukaryotic cell has one or 
more endogenous genes inactivated by mutation. 

32 A method of producing an HSV strain according to claim 22 which method 
comprises introducing an expression cassette as defined in any one of claims 1 to 13 mto 
die genome of a herpes simplex virus. 

33 A method of producing an HSV strain according to claim 22 which method 
comprises introducing an expression cassette as defined in any one of claims 1 to 13 mto 
the genome of a herpes simplex virus by homologous recombination between said 
genome and a vector as defined in claim 18. 

34 A method of treatment of the human or animal body which method comprises 
administering an effective amount of a pharmaceutical composition according to clami 27 
to a human or animal in need of such treatment. 

35 A method according to claim 34 for use in the treatment of a disorder of, or injury 
to ' the nervous syst«n including Parkinson's disease, spinal injury or stroke, or disease of 
the eye, heart or skeletal muscle, or a malignancy. 

36 A method of effecting gene therapy in a human or animal which method 
comprises introducing an expression cassette according to any one of claims 1 to 17, a 
vector according to any one of claims 18 to 20 or a viral strain according to any one of 
claims 21 to 23 into the cells of a human or animal in need of such therapy in an amount 
resulting in effective expression of a heterologous gene encoding a therapeutic 
polypeptide in said cells. 

37. An expression cassette according to any one of claims 1 to 7 wherein said 
heterologous gene encodes a polypeptide comprising at least one epitope. 

38. An expression cassette according to claim 37 wherein said polypeptide is derived 
fiiom a pathogenic organism. 
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39. A vector comprising an expression cassette according to claims 37 or 38. 

40. A viral strain comprising an expression cassette according to claim 37 or 38. 

41 An expression cassette according to claim 37 or 38, a vector according to claim 39 
or a viral strain according to claim 40 for use in a method of vaccinating a mammal. 

42. A vaccine comprising an expression cassette according to claim 37 or 38, a vector 
according to claim 39 or a viral strain according to claim 40 together with a 
pharmaceutically acceptable carrier or diluent. 
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